INTRODUCTION
============

Obstructive sleep apnea syndrome (OSAS) is caused by recurrent obstructions of the upper airway that last for over 10 seconds during sleep despite breathing effort. OSAS is a common disease, with an incidence of 3-7% in adult males and 2-5% in adult females.[@B1] Clinically, this syndrome has considerable influence on personal health, causing excessive sleepiness during daytime, narcolepsy, mental disorders including cognitive decline, and displeasure or depression, as well as physical complications such as obesity, diabetes, gastroesophageal reflux, stroke, pulmonary hypertension, systematic hypertension, coronary artery disease, and cardiac arrhythmia.[@B2]-[@B4] Impairment of cardiovascular system control can also occur in OSAS patients.[@B5] Significant changes in heart rate variability (HRV) and blood pressure can be observed in OSAS patients, which seem to increase the risk of cardiovascular disease.[@B6]-[@B8]

HRV is physiological variability in the heart rate over time due to the interaction between the sympathetic and parasympathetic nervous systems, and it is influenced by the effect of changes in the autonomic nervous system on the sinoatrial node caused by both internal and external stimuli.[@B9] HRV monitoring is a non-invasive method of measuring autonomic nerve function in the cardiovascular system. Decreased HRV (i.e., decreased variability) indicates abnormal adaptability of the autonomic nervous system and is reportedly associated with several diseases, such as renal failure, hepatic insufficiency, and diabetes, as well as cardiovascular conditions such as congestive heart failure and myocardial infarction.[@B10]

Changes in HRV indices were previously suggested as an alternative diagnostic tool for OSAS.[@B11],[@B12] Patients with more severe OSAS exhibited a higher low frequency/high frequency (LF/HF) ratio, which reflects the balance between the sympathetic and parasympathetic nervous systems.[@B13],[@B14] Another study suggested that the marked rise in very low frequency (VLF) signal during sleep in severe OSAS patients, in contrast to the lack of such a change in mild OSAS patients, may represent a tool for determining the severity of OSAS.[@B15] Narkiewicz et al. reported that patients with moderate to severe OSAS had shorter RR intervals (defined as the time between two consecutive R waves in the electrocardiogram) and increased sympathetic burst frequency compared with control subjects.[@B16] Furthermore, blood pressure variability in patients with moderate to severe OSAS was more than double that in controls. Mild OSAS patients exhibited reduced RR variability compared with controls in the absence of any significant difference in absolute RR interval. For all patients with OSAS, linear regression analysis showed a positive correlation between sleep apnea severity and blood pressure variability.[@B16] However, no clear conclusion can be drawn regarding a correlation between HRV indices and OSAS severity due to inconsistent data.

In addition to OSAS severity, age is an important factor contributing to HRV changes. In general, regulation of the autonomic nervous system declines with age, and so HRV indices are affected by aging.[@B17],[@B18] Vagal activity decreases with age, which also affects HRV.[@B19] This decreased HRV can be explained by the fact that the reactions of the autonomic nervous system to external stimulation decrease with age.[@B20] Several HRV indices change with age, so that 40% of the SDANN (standard deviation of average NN interval) indices and SDNN \[standard deviation of the NN (normal RR) interval\] decrease slowly for about 20 years, and 55% of the SDNN index (standard deviation of NN interval) decreases for about 20 years. Furthermore, pNN50 (the proportion of NN50 divided by total number of NN) and RMMSD (the square root of the mean squared difference of successive NNs) decrease more rapidly than all other time-domain HRV indices.[@B21] One study considering both age and sex suggested that both time- and frequency-domain HRV indices associated with parasympathetic tone were significantly lower in older than in younger men, whereas only the short-term HRV index decreased with age in women. This study suggests that the regulatory function of the autonomic nervous system as a whole decreases in males with age, and so HRV decreases. However, there is no significant change in the autonomic nervous system in women with age, except in the short-term HRV index. Thus, while HRV tends to decrease with both age and increased severity of OSAS, changes in HRV indices of OSAS patients reflect the effects of several factors.[@B22] This study aimed to examine how HRV indices are affected by OSAS severity and aging in male subjects under the assumption that HRV decreases with age and more severe OSAS.

METHODS
=======

Subjects
--------

This study was conducted on 176 drug-free adult males who were diagnosed with OSAS based on a score of \>5 on the apnea-hypopnea index (AHI) by nocturnal polysomnography. All subjects met the following inclusion criteria: 1) male; 2) \>18 and \<60 years old; 3) normal electrocardiogram during wakefulness; and 4) AHI \>5. Exclusion criteria were history of intake of alcohol or other drugs within 7 days of the nocturnal polysomnographic study, current antihypertensive treatment, previous or current cardiovascular diseases, pulmonary disorders, diabetes mellitus, psychiatric disorders, other sleep disorders, disorders of the autonomic nervous system or endocrine system that can alter blood pressure, and history of operations or continuous positive airway pressure (CPAP) treatment for OSAS. Informed consent was obtained prior to the study. Basic information on education level, residence, weight, and stature was obtained. Self-reported scales including the Pittsburgh Sleep Quality Index (PSQI), Epworth Sleepiness Scale (ESS), Stanford Sleepiness Scale (SSS), Morningness-Eveningness Questionnaire (MEQ), Beck Depression Inventory (BDI), Beck Anxiety Inventory (BAI), and State-Trait Anxiety Inventory (STAI) were conducted to measure symptoms such as insomnia, daytime sleepiness, depression, and anxiety. All participants provided written informed consent, and the protocol was approved by the institutional review board.

Subjects were classified into four groups according to age and severity of sleep apnea. Subjects under 40 years old were termed young (18-39 years), and those over 40 years old, middle-aged (40-60 years). In terms of sleep apnea severity, patients with AHI \<30 were called mild to moderate (AHI=5-29), and those with AHI \>30 as severe (AHI=30-120). The young and mild to moderate group (n=45), the young and severe group (n=40), the middle-aged and mild to moderate group (n=45), and the middle-aged and severe group (n=46) were identified as groups 1, 2, 3 and 4, respectively.

Polysomnography
---------------

Nocturnal polysomnographic recordings were performed using an Embla N7000 system (Medcare-Embla®, Reykjavik, Iceland) and Somnologica version 3.3.1 software (Medcare-Embla®, Reykjavik, Iceland) during the period when subjects were in bed from lights-off to lights-on. Electroencephalography was monitored using C3/A2 and C4/A1 lead pairs and O1/A2 and O2/A1 lead pairs. Two pairs of electrooculographic leads were used. Electromyographic leads were placed on the submentalis and tibialis anterior muscles. Airflow was continuously measured by a thermistor and nasal pressure cannula. Respiratory movements were monitored using respiratory inductive plethysmographic belts around the chest and abdomen. Oxygen saturation was measured by a pulse oximeter sensor on the left second finger.

Sleep stage and events were scored according to the American Academy of Sleep Medicine (AASM) manual.[@B23] As variables related to sleep structure, time in bed (TIB), sleep period time (SPT), total sleep time (TST), sleep latency (SL), sleep efficiency (SE), stage 1 sleep (S1), stage 2 sleep (S2), slow-wave sleep (SWS), rapid eye movement (REM) sleep, wake, stage 1 and 2 sleep fraction, slow-wave sleep fraction, REM sleep fraction, wake fraction, and arousal index were calculated. The oxygen desaturation event index (ODI) was defined as the number of events per hour in which oxygen saturation decreased by 4% or more. Hypopnea was defined as a reduction in airflow by 50-80% for at least 10 s associated with an oxygen desaturation of at least 4% or arousal. Apnea was defined as an 80% or greater reduction in airflow for at least 10 s.[@B24] AHI was calculated by dividing the total number of apnea and hypopnea events by the number of hours of sleep.

Data acquisition and analysis
-----------------------------

Electrocardiographic signals acquired by the polysomnographic machine were digitized at a sampling rate of 250 Hz. The RR interval was also used in the analysis. Artifacts were eliminated, and an analysis was performed only for normal beats. These processes were conducted using an Embla N7000 system (Medcare-Embla®, Reykjavik, Iceland) using Somnologica version 3.3.1 (Medcare-Embla®, Reykjavik, Iceland). This system and software are used in many sleep studies.[@B25]-[@B28]

Time-domain variables were mean RR, SDNN, SDNN index, RMSSD (defined as the square root of the mean of the sum of the squares of differences between adjacent RR intervals), NN50 count, NN50 of total HR (%), SDANN, and HRV triangular index. SDNN is the standard deviation of all RR intervals. RMSSD is the square root of the mean of the sum of the squares of differences between adjacent RR intervals. SDANN is the standard deviation of the averages of RR intervals in all 5-min segments. The SDNN index is the mean of the standard deviation of all RR intervals for all 5-min segments. NN50 count means the number of pairs of adjacent RR intervals differing by more than 50 ms during the entire analysis period. NN50 of total HR (%) is the NN50 count divided by the total number of all RR intervals. The HRV triangular index means the total number of RR intervals divided by the maximum height of the histogram, excluding boundaries. In the frequency-domain analysis, the power was calculated for very low-frequency (VLF, 0.0033-0.04 Hz), low-frequency (LF, 0.04-0.15 Hz), and high-frequency bands (HF, 0.15-0.40 Hz). The LF/HF ratio was also calculated.

ANOVA was conducted to compare the demographic and polysomnographic data of the four groups. ANCOVA was conducted to compare HRV indices between the groups, controlling for systolic blood pressure (SBP), diastolic blood pressure (DBP), body mass index (BMI), and sleep efficiency (SE). A contrast test was conducted to check differences between groups. A partial correlation was performed to select the most statistically significant parameter in each of the time- and frequency-domain HRV indices, controlling for SBP, DBP, BMI, and SE. Stepwise multiple linear regression analysis was executed for the NN50 count and LF/HF ratio that showed the most statistically significant value in each time- and frequency-domain HRV index through partial correlation to examine the effects of age, AHI, BMI, SBP, DBP, and sleep parameter indices (stage 1 sleep, stage 2 sleep, slow wave sleep, and wake time). Stepwise multiple linear regression analysis was conducted with each NN50 count and LF/HF ratio as a dependent variable, and age, AHI, BMI, SBP, DBP, and sleep parameter indices as independent variables. Statistical significance was defined as p\<0.05. SPSS 17.0 was used for data analysis.

RESULTS
=======

The mean age of the 176 subjects was 40.65±9.58 years. [Table 1](#T1){ref-type="table"} shows the participants\' demographic characteristics. Mean age and AHI of each group are shown in [Figure 1](#F1){ref-type="fig"}. BMI (kg/meter^2^) showed significant differences between groups 1 and 2 (p\<0.002), groups 1 and 4 (p\<0.027), groups 2 and 3 (p\<0.001), and groups 3 and 4 (p\<0.006), as determined by the contrast test. There were no significant differences in PSQI, ESS, SSS, MEQ, BDI, BAI, and STAI.

Variables related to sleep structure and sleep events of each group are described in [Table 2](#T2){ref-type="table"}. Of these, TST, S1, S2, SWS, arousal index, ODI, average SpO~2~, snoring time, and number of limb movements showed significant differences among groups.

HRV-related variables for each group are described in [Table 3](#T3){ref-type="table"}. In the time-domain analysis, RR interval, NN50 count, NN50 of total HR (%), and HRV triangular index showed significant differences among groups, and of these, NN50 count showed the greatest statistical significance. Frequency-domain analysis showed that VLF power, LF power, HF power, and LF/HF ratio showed significant differences, and of these, HF power showed the highest statistical significance, followed by LF/HF ratio.

The mean NN50 count was significantly different among groups (p=0.00008). As determined by the NN50 contrast test, statistically significant differences were identified between groups 1 and 3 (p=0.001), groups 1 and 4 (p\<0.001), groups 2 and 3 (p=0.011), and groups 2 and 4 (p=0.001) ([Figure 2](#F2){ref-type="fig"}). RR intervals were statistically different between groups 1 and 2 (p=0.002), groups 2 and 3 (p=0.0002), and groups 3 and 4 (p=0.018). The HRV triangular index also showed statistically significant differences among groups (p=0.024). Specifically, the HRV triangular index was significantly different between groups 2 and 3 (p=0.007, and groups 2 and 4 (p=0.022), as determined by the contrast test.

Additionally, there were statistically significant differences in VLF power, LF power, HF power, and LF/HF ratio, as determined by frequency-domain analysis. Specifically, there were statistically significant differences between groups 1 and 4 (p=0.005) in VLF power, between groups 1 and 2 (p=0.013), groups 2 and 3 (p=0.004), and groups 3 and 4 (p=0.015) in LF power; and between groups 1 and 3 (p=0.001) and groups 1 and 4 (p=0.001) in HF power, all as determined by the contrast test. The mean LF/HF ratio of was significantly different between groups 1 and 4 (p\<0.001) and groups 3 and 4 (p=0.040), as determined by the contrast test ([Figure 3](#F3){ref-type="fig"}).

By partial correlation, controlling for SBP, DBP, BMI, and sleep efficiency, the parameters with the greatest statistical significance for each time- and frequency-domain HRV index were identified as NN50 count (r~p~=-0.373, p=0.0000005) and LF/HF ratio (r~p~=0.432, p=0.0000000034), respectively ([Table 4](#T4){ref-type="table"}). To determine which variables had the greatest effect on NN50 count and LF/HF ratio, a stepwise multiple linear regression analysis was conducted ([Table 5](#T5){ref-type="table"}). Of age, AHI, BMI, SBP, DBP, S1, S2, SWS, and wake time, the NN50 count was most affected by age (p\<0.001) and DBP (p=0.039), and the LF/HF ratio was most affected by AHI (p\<0.001), stage 2 sleep (p=0.005), and age (p=0.021), in the order named ([Figures 4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}).

DISCUSSION
==========

Of the time-domain HRV indices, RR interval, NN50 count, NN50 of total heart rate, and HRV triangular index showed statistically significant differences, and of the frequency-domain indices, VLF power, LF power, HF power, and LF/HF ratio showed statistically significant differences among the four groups, according to age and the severity of OSAS. NN50 count and LF/HF ratio tended to decrease with age and with increased AHI. This result confirms those of previous studies.[@B13],[@B14],[@B21],[@B29] Our data suggested that NN50 and LF/HF ratio responded differently to aging and AHI severity. NN50 count decreased more with age than with AHI severity, and the LF/HF ratio increased more with AHI severity than with age.

Thus NN50 count and LF/HF ratio showed the greatest statistical significance. Therefore, we determined the effect of several variables on NN50 count and LF/HF ratio by stepwise multiple linear regression analysis. Only age had a significant effect on NN50 count. In the case of LF/HF ratio, AHI was found to have the greatest effect, followed by S2 and age.

The NN50 count indicates how often the RR interval differs by over 50 ms from the average RR interval, and it strongly reflects the activities of the parasympathetic nervous system. In general, the function of the parasympathetic nervous system is known to decrease with age.[@B30] Therefore, NN50 count will decrease with age. This is consistent with our data; age showed the greatest correlation with NN50 count, and only age was found to have significant affect in the stepwise multiple linear regression analysis.

LF/HF ratio reflects the overall balance of the autonomic nervous system. In some cases, this ratio is used as an index of activity of the sympathetic nervous system. Hypercapnia and hypoxia occur in OSAS patients due to repeated sleep apnea, which, in turn, increases sympathetic activity through other mechanisms, including the chemoreceptor reflex, and accentuates sympathetic nerve activity.[@B31],[@B32] Sympathetic nervous system activity is known to increase with age.[@B33] In this study, the LF/HF ratio increased with AHI and age, which is consistent with the fact that sympathetic nervous system activity increases with both age and AHI and that the LF/HF ratio reflects the sympathetic nerve activity. The LF/HF ratio showed the highest correlation with AHI, and in the stepwise multiple linear regression analysis, the LF/HF ratio was found to be most affected by AHI. Therefore, the LF/HF ratio, which is closely related to sympathetic nervous system activity, may be affected more by the severity of sleep apnea than by aging, which confirms the conclusions of previous studies.[@B13] S2 had a greater effect on the LF/HF ratio than did age, perhaps because S2 increases with AHI severity.[@B34]

Although this study used a large population (n=176), it has several limitations. First, female subjects were not included, and so changes in female subjects could not be examined. However, this can also be regarded as an advantage, as the study population was more homogenous. In a previous study, time- and frequency-domain analyses associated with aging showed many significant changes in male subjects, but only the short-term HRV index changed in female subjects.[@B22] Therefore, inclusion of only male subjects may lead to a superior evaluation of changes in HRV. Second, the first-night effect was not considered in this study. Increased sleep latency, decreased overall sleep time, increased wake frequency, and invasion of alpha in non-REM sleep may occur due to first-night effects.[@B35] However, polysomnography was conducted under the same conditions on all subjects, and thus first-night effects likely did not influence the comparisons among groups. Third, this study did not compare OSAS patients with normal controls. Thus, the ability to determine whether changes in HRV indices were quantitatively meaningful compared with controls was limited.

This study analyzed the effects of age and OSAS severity on HRV indices and indicated that these effects differed among HRV indices. The LF/HF ratio, which mainly is associated with sympathetic tone, is more likely to reflect changes in sleep apnea severity. NN50 count, which reflects mainly the parasympathetic system, is more likely to reflect changes in age. Therefore, our data suggest that age and severity of sleep apnea exhibit different effects on various HRV indices.
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![Comparison of age and apnea-hypopnea index (AHI) of 4 OSAS groups. The ages were significant differences between young groups (1, 2) and middle-aged groups (3, 4), F=194.68, p\<0.001, and the AHI were also significantly different between mild to moderate OSAS groups (1, 3) and severe OSAS groups (2, 4), F=121.99, p\<0.001. Group 1: young, mild to moderate OSAS group, Group 2: young, severe OSAS group, Group 3: middle-aged, mild to moderate OSAS group, Group 4: middle-aged, severe OSAS group. OSAS: obstructive sleep apnea syndrome.](pi-9-65-g001){#F1}

![Comparison of the NN50 count between the four OSAS groups. The NN50 count was significantly different (F=7.68, p=0.00008) when adjusted by systolic blood pressure (SBP), diastolic blood pressure (DBP), body mass index (BMI) and sleep efficiency (SE). The contrast test further showed that Group 1 was significantly different from Group 3 (p=0.001) and Group 4 (p\<0.001). Similarly, Group 2 was significantly different from Group 3 (p=0.011) and Group 4 (p=0.001). OSAS: obstructive sleep apnea syndrome, NN50 count: the number of pairs of adjacent RR intervals differing by more than 50 ms in the entire analysis interval.](pi-9-65-g002){#F2}

![Comparison of the LF/HF ratio between the four OSAS groups. The ratio was significantly different (F=4.64, p=0.004) when adjusted by systolic blood pressure (SBP), diastolic blood pressure (DBP), body mass index (BMI) and sleep efficiency (SE). The contrast test further showed that Group 1 was significantly different from Group 4 (p\<0.001). Similarly, Group 3 was significantly different from Group 4 (p=0.040). OSAS: obstructive sleep apnea syndrome, LF/HF ratio: Low frequency/High frequency ratio.](pi-9-65-g003){#F3}

![The linear regression between age and NN50 count of the four OSAS groups. The NN50 count was affected by age (p\<0.001) and diastolic blood pressure (p=0.039) in the order named in the stepwise multiple linear regression analysis. LF: low frequency, HF: high frequency, NN50 count: the number of parts of adjacent RR intervals differing by more than 50 ms in the entire analysis interval, OSAS: obstructive sleep apnea syndrome.](pi-9-65-g004){#F4}

![The linear regression between AHI and LF/HF ratio of the four OSAS groups. The LF/HF ratio was affected by AHI (p\<0.001), Stage 2 sleep (p=0.005) and age (p=0.021) in the order named in the stepwise multiple linear regression analysis. LF/HF raito: Low frequency/high frequency index, AHI: Apnea-Hyponea Index, OSAS: obstructive sleep apnea syndrome.](pi-9-65-g005){#F5}

###### 

Demographic data of OSAS patients, classified into four groups according to their age and AHI (Mean±SD)

![](pi-9-65-i001)

Group 1: young, mild to moderate OSAS group, Group2: young, severe OSAS group, Group3: middle-aged, mild to moderate OSAS group, Group 4: middle-aged, severe OSAS group. OSAS: obstructive sleep apnea syndrome, N: number, SD: standard deviation, AHI: Apnea-Hypopnea Index, SBP: systolic blood pressure, DBP: diastolic blood pressure, BMI: Body Mass Index, ESS: Epworth Sleepiness Scale, SSS: Stanford sleepiness scale, PSQI: Pittsburg Sleep Quality Index, BDI: Beck Depression Inventory, BAI: Beck Anxiety Inventory, STAI: State Trait Anxiety Inventory

###### 

Polysomnographic data of OSAS patients, classified into four groups according to their age and AHI (Mean±SD)

![](pi-9-65-i002)

AHI: apnea-hypopnea index, SD: standard deviation, N: number, OSAS: obstructive sleep apnea syndrome, TIB: time in bed, SPT: sleep period time, TST: total sleep time, SL: sleep latency, SE: sleep efficiency, S1: stage 1 sleep, S2: stage 2 sleep, SWS: slow wave sleep, REM: rapid eye movement, ODI: oxygen desaturation index, LM: limb movement

###### 

Comparison of heart rate variability (HRV) indices between 4 groups in OSAS patients (Mean±SD)

![](pi-9-65-i003)

OSAS: obstructive sleep apnea syndrome, SDNN: standard deviation of all RR intervals, SDNN index: mean of the standard deviation of all RR intervals for all 5-min segments, RMSSD: square root of the mean of the sum of the squares of differences between adjacent RR intervals, NN50 count: the number of pairs of adjacent RR intervals differing by more than 50 ms in the entire analysis interval, NN50 of total HR (%): the NN50 count divided by the total number of all RR intervals, SDANN: the standard deviation of the averages of RR intervals in all 5-min segments, HRV triangular index: total number of RR intervals divided by maximum height of the histogram excluding boundaries, VLF: very low frequency, LF: low frequency, HF: high frequency, RR interval: the time between two consecutive R waves in the electrocardiogram, HR: Heart rate

###### 

Partial correlation of age and apnea-hypopnea index (AHI) with heart rate variability (HRV) indices controlling systolic, diastolic blood pressure, body mass index and sleep efficiency of OSAS patients

![](pi-9-65-i004)

OSAS: obstructive sleep apnea syndrome, RR interval: the time between two consecutive R waves in the electrocardiogram, SDNN: standard deviation of all RR intervals, SDNN index: mean of the standard deviation of all RR intervals for all 5-min segments, RMSSD: square root of the mean of the sum of the squares of differences between adjacent RR intervals, NN50 count: the number of pairs of adjacent RR intervals differing by more than 50 ms in the entire analysis interval, NN50 of total HR (%): the NN50 count divided by the total number of all RR intervals, SDANN: the standard deviation of the averages of RR intervals in all 5-min segments, HRV triangular index: total number of RR intervals divided by maximum height of the histogram excluding boundaries, VLF: very low frequency, LF: low frequency, HF: high frequency

###### 

Stepwise multiple linear regression analysis of variables\' relationships to the NN50 count and LF/HF ratio in OSAS patients

![](pi-9-65-i005)

NN50 count: the number of pairs of adjacent RR intervals differing by more than 50 ms in the entire analysis interval, LF/HF ratio: Low frequency/high frequency ratio, OSAS: obstructive sleep apnea syndrome, SE: standard errors, DBP: diastolic blood pressure, AHI: Apnea-hyponea index, S2: stage 2 sleep
